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7ERO VOLITILE ORGANIC SOLVENT C OMPOSITIONS 

This application is a continuation-in-part of U.S. Application Serial 
No. 09/022,779, filed February 12, 1998, which claims the benefit of the filing date 
of U.S. Provisional Application Serial No. 60/053,073, filed July 18, 1997. 

Back ground of the Invention 

This invention pertains to the art of solvent blends and solvent/resin blends. 
More particularly, this invention pertains to blends that reduce the atmospheric 
reactivity of some high volatile organic compounds. The invention is particularly 
applicable to solvent blends and solvent/resin blends that combine volatile organic 
compounds with newly discovered zero volatile organic compounds for use 
adhesives, coatings, inks, cleaning and blowing agents and the like and will be 
described with particular reference thereto. However, it will be appreciated that the 
invention may be advantageously employed in other environments and 
applications. 

Heretofore, hydrocarbon-based solvents have been used to dissolve 
organic materials in many industrial applications. However, recently, hydrocarbon- 
based solvents have fallen out of favor because they have been classified by the 
United States Environmental Protection Agency and other international regulatory 
bodies as materials that contribute to the formation of ground based ozone or 
smog. This has created a need for other types of solvents for the production of 
coatings, adhesives, inks and the like. 

Upon evaporation, a highly-reactive, hydrocarbon-based solvent reacts with 
hydroxyl radicals and ultraviolet light very close to the ground to form a 
photochemical smog that is considered harmful and in some cases dangerous. 
Some cities have severe smog which reduces visibility and actually causes "ozone 
alerts." In part, the smog is caused by hydrocarbon emissions from cars. 
However, another major contributor is industrial use of hydrocarbon-based solvents 
such as hexane and toluene. 

For the purpose of ozone excedence in cities throughout the United States, 
a reactivity based formulation scheme will also be described which will make use 
of low atmospheric reactivity solvents by themselves or in combination with high 
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reactivity solvents. These solvents and solvent blends can be used to dissolve 
resins for adhesives, inks and coatings, or used as cleaning agents and in the 
process reduce the amount of ozone formed in the lower atmosphere. 

The benchmark for desired reaction rates of hydrocarbon-based 
5 compounds is ethane. If a compound has a reaction rate with the hydroxyl radical 
and ultraviolet ("UV") light that is faster than ethane, the compound reacts too close 
to the ground and consequently generates ozone and smog. Such compounds are 
defined as volatile organic compounds (VOCs). On the other hand, if a compound 
has a reaction rate that is slower than ethane, the compound reaches higher into 

10 the atmosphere before reacting with the hydroxyl radical and UV light. In such 
instances the non-VOC compound does not contribute to the formation of ground 
based ozone and smog. 

Governmental regulations limit the use of VOCs in coatings, inks, and 
adhesives. As a result, water-borne coatings have become the most important type 

15 of coatings in coating and adhesive systems. However, water-borne coatings must 
contain some volatile organic compound content. This is because water flashes off 
too fast from the water-based latex or emulsion to make a good film. To alleviate 
this problem, 7% to 10% of a slower evaporating solvent such as a glycol ether is 
added to the latex to aid in film formation. Unfortunately, glycol ethers are primary 

20 examples of VOCs and thus dangerous to the environment. 

Halogenated hydrocarbon-based compounds have reaction rates that are 
slower than ethane. However, these halogenated compounds are ozone depleting 
consequently, they are not suitable VOC-free solvents. 



25 describes a solvent composition which contains methyl tert butyl ether. However, 
methyl tert butyl ether is a VOC and thus unsafe for the environment. Similarly, 
Patent No. 4,898,893 to Ashida describes a composition for making a blowing 
agent which contains a flammable aliphatic hydrocarbon. This is also a VOC. 
Patent No. 3,950,185 to Toyama teaches film removing compositions which contain 

30 methylene chloride and bromochloromethane which are not VOCs. However, these 
compositions also contain methanol and monochlorobenzene which are VOCs. 
Patent No. 3,924, 455 to Begishagen describes a formulation containing mineral 



In the prior art, United States Patent No. 5,102,563 to Desbiendras 
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spirits which removes lacquer stress coatings. These mineral spirits are also 
VOCs. 

Use of a combination of a zero volatile compound with a highly reactive 
compound or with a low reactivity compound will reduce the overall VOC content 
5 of the mixture when used for the applications mentioned. Also, various low 
reactivity VOC solvents have been identified which when used with resins, will 
reduce the atmospheric reactivity of the coating, ink or adhesive. The low reactivity 
solvents can be blended with high reactivity solvents before mixing with a resin to 
lower the total reactivity of the formulation. Thus, the highly reactive compounds 

10 become less reactive than just a subtractive effect in some instances. In other 
examples, it takes a larger amount of the zero volatile organic compound to give 
the desired effect of reducing the incremental reactivity of the mixture closer to 
0.25, which is the value measured for ethane. 

Some highly reactive VOC solvents do not realize the same degree of VOC 

1 5 activity reduction according to the present application as other VOCs. Examples 
of these are formaldehyde, methyl nitrite, trans-2-butene, and 1,3,5- 
trimethylbenzene. These compounds are so reactive that addition of a zero VOC 
compound will have little or no effect on the reactivity of the mixture. A first object 
of the present invention is to provide a reduction in atmospheric activity of high 

20 VOC solvents by adding a zero VOC solvent to the high VOC solvent. An 
additional aspect to the present invention involves producing environmentally 
friendly coatings, inks, adhesives, blowing agents and cleaning agents by adding 
a zero VOC solvent to a high VOC solvent containing coating, ink, adhesive, 
blowing agent or cleaning agent. 

25 A first object of the invention is to provide a reduction in atmospheric 

reactivity of high VOC solvents by addition of a low reactivity or zero VOC solvent 
to the high VOC solvent. 

An additional aspect of the present invention involves producing 
environmentally friendly coatings, inks, adhesives, blowing agents and cleaning 

30 agents by adding a zero VOC or low reactivity solvent to a high VOC solvent 
containing coating, ink, adhesive, blowing agent or cleaning agent. 
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A further object of the present invention is the identification of some high- 
performance solvents and solvent/resin blends which are non-flammable or self- 
extinguishing and do not contribute to the formation of ground-based ozone. 

Another object of the present invention are solvents and solvent/resin 
5 blends that are safer to the environment than even water-based systems which still 
must contain a volatile organic solvent to aid in film formation. 

Yet another object of the present invention are environmentally-safer 
solvent compositions which do not contribute to the formation of ground based 
ozone which will be useful in the formulation of cleaning agents, coatings, 
1 0 adhesives, inks and also blowing agents for the production of plastic foams. 

Summary of the Invention 

The present invention is directed to reduced incremental atmospheric 
reactivity of volatile organic compound based compositions using zero volatile 

15 organic chemical compounds (VOC) and VOC compounds with low atmospheric 
reactivity which overcome all of the above referenced problems and others and 
which are economical and effective for their intended uses. 

In accordance with a first aspect of the present invention, there is provided 
a solvent system wherein a high VOC solvent has its atmospheric activity reduced 

20 by addition thereto of a low reactivity or zero VOC solvent. 

In accordance with a further aspect of the invention, coatings, inks, 
adhesives, blowing agents and cleaning agents containing VOC solvents are made 
environmentally friendly through reduction of atmospheric reactivity by addition of 
a zero VOC or low reactivity VOC solvent to the VOC composition. 

25 In a further aspect of the invention, VOC solvents have their atmospheric 

reactivity reduced to approach 0.25 (the measured value for ethane) by addition 
thereto of a low reactivity or zero VOC solvent thereby rendering the VOC solvent 
composition environmentally friendly. 

In accordance with a second aspect of present invention, there is provided 

30 a solvent-resin composition having a combination of a zero volatile compound with 
a highly reactive compound or with a low reactivity compound. The solvent 
component is about 5% to about 95% by total volume of the solvent-resin 
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composition and is one or more of the zero VOC solvents selected from the group 
consisting of: 

1 -bromopropane; 
benzotrifluoride; 
5 t-butylacetate; 

methyl acetate; 

parachlorobenzotrifluoride; 

acetone; 

1 ,1 ,1 ^^^.S^^-nonafluro^-methoxybutane; 
1 0 1 -ethoxy-1 , 1 ,2,2,3,3,4,4, 4-nonafluorobutane; 

2-(ethoxydifluoromethyl)-1 ,1 ,1 ,2,3,3,3- heptafluropropane; 
technical white oils; and, 
n-alkane (C12-C18). 



1 5 In accordance with a more limited aspect of the invention, from about 0. 1 % 

by volume to about 98% by volume of the VOC solvents can be blended with the 
zero VOC solvents to act as a solvent carrier for any of the mentioned resin 
systems. 

A principal advantage of the invention is that the VOC solvents are 
20 rendered environmentally safer yet still capable of effectively dissolving resins. 

Another advantage of the invention is that it may be used in place of 
solvents currently used for inks, adhesives, coatings and the like. 

Still other advantages and benefits of the invention will become apparent 
to those skilled in the art upon a reading and understanding of the following detailed 
25 description. 



Detailed Description of the Preferred Embodiments 

The compositions of the present invention are high-performance solvent 
and solvent-resin blends that have reduced atmospheric reactivity. In addition, 
30 compositions which are generally VOC-type are also disclosed. The compositions 
as herein described and as set forth in the claims are expressed in terms of 
percentages of volume unless clearly indicated to the contrary. 
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In describing the compositions of the present invention, reference will be 
made to certain resin classifications which require a totally VOC-free solvent 
system to be environmentally safe. These resin classifications are: 

a) acrylic-thermoplastic; 
5 b) acrylic-thermosetting; 

c) chlorinated rubber; 

d) epoxy (either one or two part); 

e) hydrocarbon (e.g., olefins, terpene resins, rosin esters, 
coumaroneindene, styrene-butadiene, styrene, methyl- 

10 styrene, vinyl-toluene, nitorcellulose, polychloroprene, 

polyamide, polyvinyl chloride and isobutylene); 
:i f) phenolic; 

^ g) polyester and alkyl; 

Lfl h) polyurethane; 

15 i) silicone; 

^0 j) urea; and, 

r 3 K) vinyl and vinyl acetate. 

Lr! It is to be appreciated that this list does not include all resin classifications. Other 

%j resin classifications are intended to be encompassed by the scope of the present 

j5 20 invention. 

E xamples of V9G b u l ve nts^hat-have-ll i e ir ma x i m ofTHfiere^ 
(^iy effected-are: 

xylene; 
tolujene; 

25 glycol ethers; 

I 

triclfiloroethylene; 
napthenic solvents; 
iso-paraffins; 
epoxides; 
30 ace|als; 

nitroparaffins; 
n-n|ethyl pyrollidone; 
hexane; 



1 




terpfene; 
dimothyl ether; 
este rs; 

' v ketc nes; 

5 ethyl acetate; 

Cf>* 1 

alcohols; 

paraffins; 

oxygenated solvents; 
pro Dylene carbonate; 
10 mineral spirits; and, 

dibasic esters. 

%1 Effective solvents of the present invention which have reaction rates with 

u hydroxyl ion slower than ethane (i.e., < 0.25) are: 

l 2 1) 1 -bromopropane; 

~ 15 2) benzotrifluoride; 

* 'J* 3) t-butylacetate; 

C3 4) methyl acetate; 

ry 5) parachlorobenzotrifluoride; 

)i 6) acetone; 

£3 20 7) 1 ,1 ,1 ^^^.S^^-nonafluro^-methoxybutane; 

8) 1-ethoxy-1 ,1 ,2,2,3,3,4,4, 4-nonafluorobutane; 

9) 2-(ethoxydifluoromethyl)-1 ,1,1,2,3,3,3- 
eptafluropropane; 

10) technical white oils; 
25 11) n-alkane (C12-C18); 

1 2) chlorobranomethane; 

13) perchloroethylene; 

14) 1,2 dichloro-1 , 1 ,2-trif luoroethane; 

1 5) dimethoxymethane; 

30 16) 2-(difluromethoxymethyl)-1 ,1,1,2,3,3,3- 

heptafluoropropane; and 
17) methylene chloride; 



• 
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It is to be appreciated that this list does not include all effective non-VOC solvents. 
Other effective non-VOC solvents are intended to be encompassed by the scope 
of the present invention. 

Atmospheric reactivity of VOC solvent compositions can be reduced by 
5 from about 20% to about 90% upon addition of an effective amount of a zero VOC 
solvent or a low reactivity VOC solvent. The amount of zero VOC or low reactivity 
VOC solvent which is effective for reducing the atmospheric reactivity of VOC 
solvent compositions can range in amounts of from about 0.1% by volume to about 
99.9% by volume of the solvent composition. 
10 The type of specific applications (hence the denotation "a" alongside the 

number identifying the application) for which the solvents and solvent-resin blends 
of the present invention may be used are as follows: 

1a) adhesives 
2a) blowing agents 
15 3a) coatings 

4a) cleaning compositions 
5a) inks 

The zero VOC solvent and solvent-resin blends of the present invention as 
well as their applications are set forth in the table below. The table uses the 
20 identifiers set out above, i.e., a numeral alone for the solvent and a number 
followed by a "a" for the application. 



10 



15 



20 



25 



30 



VOC Compounds 
(more reactive than ethane) 



Maximum Incremental 
Reactivity (MIR)* 



A. xylene 

B. n-methyl pyrollidone 

C. Toluene 
D terpenes 

E. Glycol ethers 

F. Oxygenated solvents 

G. TCE 

H. dimethyl ether 

I. Napthenfc solvents 
J. Dibasic esters 

K. Paraffins 
L. Hexane 
M. Isoparafinns 
N. Ketones 
O. Epoxides 
P. ethyl acetate 
Q. Acetals 
R. Nitroparaffins 
S. Alcohols 

t-butyl alcohol 

isopropanol 

n-propyl ajcdhol 

methanol 

propylene carbonate 
pineral spirits 



T 



6.5-8.2 
1.25 
2.70 
3-4.4 
0.44 
0.40-1.40 
0.75 
0.76 
2.7 y 
0.754.5 
0*32-1.6 

0.98 
0.37-1 .4 
0.56-1.18 
0.60-1.30 
0.55-1 .23 
0.33 
0.80 
0.42-2.7 
1.0 
0.54 
2.3 
0.56 
0.75 
0.83-89 

0.25 



% by volume of Zero 

VOC compound ^> 
necessary to reduce***^ 
reactivity by^^ 
20% to £0% 


Applications 






^5-98 


1a-5a 


y< 5-98 


1a-5a 




1a-5a 


5-98 


1a-5a 


10-99.9 


1a-5a 


10-99.9 


1a-5a 


5-98 


1a-5a 


10-80 


1a-5a 


5-98 


1a-5a 


5-90 


1a-5a 


5-95 


1a-5a 


5-95 


1a-5a 


5-95 


1a-5a 


5-95 


1a-5a 


10-99.9 


1a-5a 


5-98 


1a-5a 


30-99.9 


1a-5a 


30-99.9 


1a-5a 


10-99.9 


1a-5a 


10-99.9 


1a-5a 


10-98 


1a-5a 


10-98 


1a-5a 


10-98 


1a-5a 


10-98 


1a-5a 


10-98 


1a-5a 



A better understanding of the present invention can be had by reference to 
the following descriptions of embodiments which effectively meet the objectives 
35 outlined above. 



One preferred embodiment of a reduced reactivity solvent blend is to select 
a high reactivity solvent (MIR greater than 1 ), such as toluene, and blend it with a 
low reactivity solvent (MIR less than 1 ) such as isopropyl alcohol to reduce the total 
reactivity of the solvent blend. Though neither compound is VOC exempt, the 

40 combination of the two will be safer to the environment. This mixture will be useful 
in combination with a resin to produce an adhesive, coating or ink. Any high 
reactivity solvent can be used in place of the toluene. 

An embodiment of a reduced reactivity solvent blend is to select a high 
reactivity solvent (MIR greater than 1) such as toluene, xylene, glycol ethers, 

45 hexane or mineral spirits and blend it with a zero VOC solvent such as 
1-bromopropane, benzotrifluoride, t-butylacetate, methyl acetate, or acetone to 
reduce the total reactivity of the solvent blend. This mixture will be useful in 
combination with a resin to produce an environmentally friendly adhesive, coating, 
ink or blowing agent having a reduced atmospheric reactivity. 



0 
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The following examples are intended to be exemplary of the present 
invention and are not intended to limit the invention of the particular embodiments 
described therein. 
Examples 

5 The following solvent systems are in accordance with the present invention: 
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VOC Solvent: 


Zero VOC Solvent: 


Example No. 


Xylene* 


1-bromo propane* 


1 


30 


70 


2 


20 


80 


3 


10 


90 



amounts based on percent volume in a 100g blend. 



The solvent blends set forth above are added to 5 to 30 grams hydrocarbon 
1 5 resin such as an olefin, terpene, methacrylate or other tackifier followed by addition 
of 10 to 35 grams of a polymeric resin such as a styrene-butadiene, acrylic, epoxy, 
polychloroprene, urethane, natural rubber or styrene. This mixture produces a 
contact adhesive with excellent bond strength. Any of the above listed VOC 
solvents mentioned above can be used in place of the xylene. 
20 Another preferred embodiment contains 0.1% to 30% by volume of an 

epoxide, acetal, nitroparaffin, glycol ether, alcohol or combination thereof and 70% 
to 99.9% of 1 -bromopropane to form a reduced VOC solvent mixture. This mixture 
is then added to 5% to 35% by weight of a hydrocarbon resin, and 5% to 35% of 
a styrene-butadiene polymer, a polychloroprene polymer, polyvinyl chloride 
25 polymer, natural rubber polymer, acrylic, epoxy, urethane, nitrocellulose or styrene 
polymer. 

Another preferred embodiment of a reduced VOC solvent composition is 
100 grams of a mixture containing 5% to 99.9% by volume of either 
benzotrifluoride, t-butylacetate, methyl acetate or parachlorobenzotrifluoride or a 
30 combination thereof and a portion of high VOC solvent mentioned above so that 
the incremental reactivity of the mixture is reduced closer to the incremental 
reactivity of ethane (0.25) this mixture can be combined with a resin to produce a 
coating, ink, adhesive or used as is for a cleaning agent. 



ii 
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An embodiment of a polyurethane foam process using an environmentally 
safer blowing agent according to the invention is as follows: 

1 to100 parts by weight of a polyol 

1 to 50 parts by weight of toluene diisocyanate or methylene 
5 diphenylene diisocyanate 

2 parts by weight water 
0.15 to 0.80 parts catalyst 
0.5 to 2 parts surfactant; and 

4 to 20 parts acetone or methyl acetate 
10 All of the embodiments of the present invention may interchangeably use 

any of the other non-VOC solvents listed above. 

The following embodiments represent zero VOC solvent compositions 
wherein the solvent consists essentially of the zero VOC solvent. 

15 Solvent and Solvent-resin Compositions Having Zero VOC's 



Main Component 


How Used 
(blends are 5% to 95% 
or, more preferably, 
40% to 95% by vol.) 


Resins That 
Form a Film 
after Solvent 
Evaporates 


Applications 


chlorobromomethane 


by itself or blended with 
any of solvents 2-1 6 to 
obtain desired properties 


a-k 


1a-5a 


1-bromopropane 


by itself or blended with 
solvents 1, 3-16 


a-k 


1a, 3a, 5a 


methyl acetate 


blended with solvents 1 ,2, 
4-16 at 10-95% by 
volume. 


a-d, styrene, 
gj, k 


1a-5a 


n-alkane (C12-C18) 


by itself or blended with 
solvents 1-3,5-16 


e 


1a, 3a, 4a, 5a 


t-butylacetate 


by itself or blended with 
solvents 1,4,6-16 


a-d, styrene, g, 
j.k 


1a, 3a, 4a, 5a 


perchloroethylene 


1-5,7-16 


a-k 


1a,3a,4a,5a 


benzotrifluoride 


1-6, 8-16 


a-k 


1a,3a,4a,5a 


parachlorobenzotrifluoride 


1-7, 9-16 


a-k 


1a,3a,4a,5a 


acetone 


1-5,7-16 


a, b, e-h, k 


1a-5a 


1 ,2-dichloro-1 ,1 ,2- 
trifluoroethane 


1-9, 11-16 


a, k 


1a-5a 
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Main Component 


How Used 
(blends are 5% to 95% 
or, more preferably, 
40% to 95% by vol.) 


Resins That 
Form a Film 
after Solvent 
Evaporates 


Applications 


dimethoxymethane 


1-3,7-10, 12-16 


a 


1a-5a 


1,1,1,2,2,3,3,4,4- 

nonafluoro-4-methoxy- 

butane 


1-11,13,15 


a 


2a, 4a 


2-(difluoromethoxymethyl)- 

1,1,1,2,3,3,3- 

heptafluoropropane 


1-12, 14,15 


a 


2a, 4a 


1 -ethoxy-1 ,1 ,2,2,3,3,4,4,4- 
nonafluorobutane 


1-13, 15 


a 


2a, 4a 


2-(ethoxydifluoromethyl)- 

1,1,1,2,3,3,3- 

heptafluoropropane 


1-4 


a 


2a,4a 


methylene chloride 


2-15 


a-k 


1a-5a 


technical white oils 
(mineral) 


1-16 


a,e,g 


5a 



A better understanding of the present invention can be had by reference to 
the following descriptions of embodiments which effectively meet the objectives 
outlined above. 

20 One preferred embodiment includes mixing one or more of the polymeric 

resins: 

acrylic-thermoplastic; 

acrylic-thermosetting; 

chlorinated rubber; 
25 epoxy resin; 

hydrocarbon (e.g., olefins, terpene resins, rosin esters, 

coumarone-indene, styrene-butadiene, styrene, methyl- 

styrene, vinyl-toluene, nitrocellulose, polychloroprene, 

polyamide, polyvinyl chloride and isobutylene); 
30 phenolic; 

polyester and/or alkyd; 

polyurethane; 

silicone; 

urea; and/or 



# 



-13- 



vinyl or vinyl acetate, 



with 10-90%, by total volume of the composition, of one or more of non-VOC 
solvents such as: 

chlorobromomethane; 



The individual solvents or blends thereof are added until all of the resin(s) is 
dissolved. 

In an embodiment for coatings and/or adhesives, the mixture preferably has 
a high resin content, i.e., a resin content of 20% to 60% by volume. In another 
20 embodiment for inks, the mixture preferably contains a lower concentration of the 
resin, i.e., 5% to 30% by volume. In yet another embodiment, various pigments or 
additives are added to achieve a desired range of properties. 

In another preferred embodiment of the present invention, 5% to 90% 
methyl acetate, by total volume of the composition, is added to 10% to 95% of a 
25 solvent or solvent blend selected from the group: 

chlorobromomethane; 
1 -bromopropane; 
n-alkane(C12-C18); 
t-butylacetate; 
30 perchloroethylene; 



15 



10 



5 



1 -bromopropane; 
methyl acetate; 
n-alkane (C12-C18); 
t-butylacetate; 
perchloroethylene; 
benzotrifluoride; 
parachlorobenzotrifluoride; 
acetone; 

1 ,2-dichloro-1 ,1 ,2-trifluoroethane; 
dimethoxymethane; and/or 
methylene chloride. 



benzotrifluoride; 
parachlorobenzotrifluoride; 



acetone; 
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1 ,2-dichloro-1 ,1 ,2-trifluoroethane; 
climethoxymethane; 

1 ,1 ,1 ^^.S^^^-nonafluoro^-methoxy-butane; 
2-(difluoromethoxymethyl)-1 ,1 ,1 ,2,3,3,3-heptafluoropropane; 
5 1 -ethoxy-1 , 1 ,2,2,3,3,4,4,4-nonafluorobutane; and, 

2-(ethoxydifluoromethyl)-1 ( 1 ,1 ,2,3,3,3-heptafluoropropane. 
These formulations are used as a cleaning composition for the removal of 
hydrocarbon or ionic contaminates from circuit boards or in the formulation of 
coatings, inks, or adhesives. Of course, the formulations may be used for other 
10 applications as well. 

The following enumerated embodiments have the ability to dissolve resins 
for the production of coatings, adhesives, and inks as well. In addition, the 
embodiments are equally useful as cleaning formulations. The ranges for the 
embodiments are expressed in % by volume of the total solvent-resin composition 
15 or, alternatively, the total solvent composition of an initially non-resin containing 
solvent, such as a cleaning composition. The embodiments are: 

(1) 10% to 90% benzotrifluoride and 10-90% of one or 
more of the solvents: 

(a) 1,1,1 ^^.S^^^-nonafluoro^-methoxy-butane; 
20 (b) 2-(difluoromethoxymethyl)-1 ,1 ,1 ,2,3,3,3- 

heptafluoropropane; 

(c) 1-ethoxy-1,1,2,2,3,3,4,4,4-nonafluorobutane; 

(d) 2-(ethoxydifluoromethyl)-1 ,1 ,1 ,2,3,3,3- 
heptafluoropropane; 

25 (e) perchloroethylene; 

(f) 1 -bromopropane; 

(g) acetone; 

(h) n-alkane(C12-C16); 

(i) t-buytl acetate (C12-C16); and, 
30 G) parachlorobenzotrifluoride; 

(2) 5% to 20% benzotrifluoride and 80% to 95% 
1 -bromopropane; 

(3) 10% to 90% acetone and 10-90% n-alkane(C12-C18); 
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(4) 1 0% to 90% 1 -bromopropane and 1 0% to 90% of one 
or more of: 

(a) chlorobromomethane; and, 

(b) n-alkane(C12-C18); 

5 (5) 10% to 90% parachlorobenzotrifluoride and 10% to 

90% of one or more of: 

(a) 1 -bromopropane; 

(b) chlorobromomethane; 

(c) t-buty I acetate; and, 
10 (d) n-alkane(C12-C18); 

(6) 1 0% to 90% 1 ,2-dichloro-1 ,1,1 -trifluoroethane and 1 0% 
to 90% of one or more of: 

1 ,1 ,1 ^^.S^A^nonafluoro^-methoxy-butane; 
2-(difluoromethoxymethyl)-1 ,1,1 ,2,3,3,3- 
1 5 heptafluoropropane; 

1- ethoxy-I.I^^S.SA^-nonafluorobutane; 
and, 

2- (ethoxydifluoromethyl)-1 ,1 ,1 ,2,3,3,3- 
heptafluoropropane; 

20 1 -bromopropane 

acetone; 

benzotrifluoride; and, 
methyl acetate. 

Analogously, the following VOC-free embodiment has the ability to dissolve 
25 resins for the production of coatings, adhesives, and inks as well. In addition, the 
embodiment is equally useful in cleaning formulations: 

(1) 10% to 90% methylene chloride and 10% to 90% of 
one or more of the following solvents: 
chlorobromomethane; 
30 1 -bromopropane; 

methyl acetate; 
n-alkane (C12-C18); 
t-butylacetate; 
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perchloroethylene; 
benzotrifluoride; 
parachlorobenzotrifluoride; 
acetone; 

5 1 ,2-dichloro-l , 1 ,2-trif luoroethane; and, 

dimethoxymethane. 

An added benefit to mixing methylene chloride with other solvents is the reduction 
in the overall toxicity of methylene chloride. 

Other preferred solvent-resin compositions include VOC-free solvents 
1 0 which have the ability to dissolve resins for the production of coatings, adhesives, 
and inks. The compositions include any of the above-listed resins and the following 
solvent mixtures, which are expressed in terms of % by volume of the solvent-resin 
composition: 

(1) 1% to 20% technical white oil and 10% to 90% n- 
15 alkane(C12-C18); 

(2) 1 % to 20% technical white oil and 1 0% to 90% methyl 
acetate; 

(3) 1% to 20% technical white oil and 10% to 90% t- 
b butylacetate; 

20 (4) 1% to 20% technical white oil and 10% to 90% 

benzotrifluoride; 

(5) 1% to 20% technical white oil and 10% to 90% 
acetone; 

(6) 1% to 20% technical white oil and 10% to 90% 
25 parachlorobenzotrifluoride; 

(7) 1% to 20% technical white oil and 10% to 90% 
parachlorobenzotrifluoride; 

(8) 1% to 20% technical white oil and 10% to 90% 
perchloroethylene; 

30 (9) 1% to 20% technical white oil and 10% to 90% 

methylene chloride; and, 
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(10) 1% to 20% technical white oil and 10% to 90% of a 
mixture of methylene chloride, acetone, t-butylacetate, 
methyl acetate and perchloroethylene. 
The following VOC-free embodiment, expressed in terms of % by volume 
5 of total composition, is useful as an environmentally-safer blowing agent 
composition for the production of polyurethane or isocyanurate foams: 

99% to 99.98% l^-dichloro-IJ.I-trifluoroethane and 
0.01% to 0.5% alpha-methyl styrene to inhibit polymerization. 
In addition this embodiment has the ability to dissolve resins for the production of 
10 coatings, adhesives, and inks, and is useful in cleaning formulations. 

Another embodiment which is useful in an environmentally-safer urethane 
blowing production process comprises using a zero VOC blowing agent 
composition comprising: 

100 parts by weight polyether triol; 
15 50 parts by weight toluene diisocyanate or toluene 



Still another embodiment which is useful in a urethane production process 
comprises an environmentally-safer blowing agent composition, wherein the 
composition comprises, in terms of percent by weight of the total composition 
(including catalyst and surfactant): 



The appropriate catalysts and surfactants are selected from those known in the art. 

A more limited embodiment which is useful in a urethane production 
process comprises an environmentally-safer blowing agent composition, wherein 



disocyanurate; 

2 parts by weight water; 

0.15 parts catalyst; 

0.5 to 2 parts surfactant; and, 

4 to 10 parts 1 -bromopropane or chlorobromomethane. 



25 



30 



50% to 70% polyether triol; 

20% to 40% toluene diisocyanate or toluene disocyanurate; 
0% to 10% water; 
0% to 5% catalyst; 
0% to 5% surfactant; 

2% to 15% 1 -bromopropane or chlorobromomethane. 
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the composition comprises, in terms of percent by weight of the total composition 
(including catalyst and surfactant): 

60% to 65% polyether triol; 

30% to 33% toluene diisocyanate or toluene disocyanurate; 
5 1% to 2% water; 



This composition is useful for the manufacture of, for example, a flexible furniture 

1 0 grade foam with a density of 0.024 g/cm 3 . 

An embodiment of a zero VOC adhesive is 350 grams of 1-bromopropane 
and/or benzotriflouride to which is added 30% to 50% by weight of a hydrocarbon 
resin, preferably an olefin, rosin ester or terpene resin, which acts as a tackifier. 
Then, 100 grams of styrene-butadiene polymer, polychloroprene polymer, polyvinyl 

15 chloride polymer, acrylic, epoxy, urethane, nitrocellulose, or styrene is added to the 
mixture. This mixture produces a contact adhesive with excellent bond strength. 
Another preferred embodiment of this mixture contains approximately 40% to 90%, 
volume, of 1-bromopropane and/or benzotriflouride, 5% to 35% of a hydrocarbon 
resin, and 5% to 25% of styrene-butadiene polymer, polychloroprene polymer, 

20 polyvinyl chloride polymer, acrylic, epoxy, urethane, nitrocellulose, or styrene. 

Another zero VOC adhesive starts with 100 grams of 1-bromopropane 
and/or benzotrifluoride. Then, 10 to 100 grams of styrene-butadiene, 
polychloroprene, polyvinyl chloride, acrylic, epoxy, urethane, nitrocellulose, or 
styrene polymer or resin is added. This also produces a contact adhesive with 

25 excellent bond strength. It is appreciated that other additives may be used to 
improve wetting and defoaming although they are not always required. Another 
preferred embodiment of this mixture contains approximately 40% to 95%, by 
volume, of 1-bromopropane and/or benzotriflouride, and 5% to 60% of 
styrene-butadiene, polychloroprene, polyvinyl chloride, acrylic, epoxy, urethane, 

30 nitrocellulose, or styrene polymer or resin. Still another preferred embodiment of 
this mixture contains approximately 70% to 95%, by volume, of 1-bromopropane 
and/or benzotriflouride, and 5% to 30% of styrene-butadiene, polychloroprene, 



0.09% to 2% catalyst; 

0.3% to 1.5% surfactant; and, 

2.4% to 6.1% 1-bromopropane or chlorobromomethane. 




# 
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polyvinyl chloride, acrylic, epoxy, urethane, nitrocellulose, or styrene polymer or 
resin. 

Still another embodiment of a zero VOC adhesive starts with 350g 
1-bromopropane and/or benzotriflouride. Then, 20 to 100 grams of styrene 
5 butadiene rubber is added. Optionally, 5% to 10%, by volume, acetone is added 
to improve solubility if necessary. Another preferred embodiment of this mixture 
contains approximately 50% to 90%, by volume, of 1-bromopropane, and 10% to 
30% of acrylic polymer or urethane polymer. Optionally, 5% to 10%, by volume, 
acetone is added to improve solubility if necessary. 
10 The following VOC-free embodiment has the ability to dissolve resins for 

the production of coatings, adhesives, and inks as well. Further, the solvent 
includes stabilizers to stabilize against attack on aluminum. In addition, the 
embodiment is useful in cleaning formulations: 



to stabilize against attack on aluminum. Optionally, 5% to 10%, by volume, 
acetone is added to the total composition to improve solubility if necessary. 

All of the embodiments of the present invention may interchangeably use 
20 any of the other non-VOC solvents listed above. 

The invention has been described with reference to the preferred 
embodiments. Obviously, modifications and alterations will occur to others upon 
a reading and understanding of this specification. It is intended to include all such 
modifications and alterations insofar as they come within the scope of the 
25 appended claims or the equivalents thereof. 

The invention has been described with reference to the preferred 
embodiments. Obviously, modifications and alterations will occur to others upon 
a reading and understanding of this specification. It is intended to include all such 
modifications and alterations insofar as they come within the scope of the 
3 0 appended claims or the equivalence thereof. 



15 



70% to 90%, by volume, 1 ,2-dichloro-1 ,1,1-trifluoroethane; 

9% to 29% dimethoxymethane; and 

0.5% butylene oxide and 0.5% nitromethane 




